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FOREWORD

The system described by this report has not been validated. This report

represents, instead, the efforts which led to the implementation of a labora-

tory system which will allow testing of the concept of a closed-loop LSO train-

ing system. Validation and refinement of the software described in this report

will provide data for use in the development of an operational LSO training

system.
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PREFACE
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SECTION I

INTRODUCTION

This report describes research activities and results which are concerned
with application of modern training technology to a Navy LSO training problem.
The Navy's LSO training program is producing insufficient numbers of skilled
LSOs. The level of skill acquired in training is also under scrutiny. An
earlier study sponsored by the Naval Training Equipnent Center
(NAVTRAEQUIPCEN) analyzed the LSO Job and training processl. That study
resulted in the identification of LSO training program shortcomings and pro-
vided recommendations for improvement, including the description of an auto-
mated LSO training system concept. Based on recommendations from that study,
a program was initiated to develop and utilize a laboratory LSO training sys-
tem for the investigation of automated LSO training system concepts.

The laboratory training system study is the subject of this report. It

was conducted in two phases. The initial phase covered the time frame between
September 1978 and September 1979. The follow-on phase was performed between
October 1979 and September 1980. There have been other related activities
sponsored by NAVTRAEQUIPCEN during this time frame. Subjects of these studies
include modelling LSO "waving" behavior, identification of global measures of
LSO "waving" effectiveness and evaluation of the LSO Reverse Display, an oper-
ational device designed to support LSO training. NAVTRAEQUIPCEN has also been
conducting in-house studies of LSO training strategies and applications of
computer aided LSO instruction.

The results of this program have confirmed thE. feasibility of the auto-
mated LSO training :ystem concept and have provided positive indicatiois of
potential training ffectiveness for such a concept.

Subsequent port ions of this report describe program objectives, activi-
ties, results and recommendations for future program direction. An appendix
is also provided which describes the recommended performance capabilities for
an experimental prototype LSO training system.

1. J.T. Hooks, E.A. Butler, R.A. Gullen and R.J. Petersen, Design Study for
an Auto-Adaptive LSO Training System, NAVTRAEQUIPCEN 77-C-0109-1, )ecember
1978.

7
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SECTION II

PROGRAM OBJECTIVES

The purpose of this program, as stated in the Study Specification, was to
"... empirically refine and validate the functional requirements and perform-
ance specifications for an automated adaptive LSO training system...." This
was to be accomplished "... through the development, implementation and
utilization of a laboratory system." Program activities toward this purpose
covered two separate phases, an initial contract effort and a follow-on
contract effort.

The objectives of the initial contract phase were to make significant
progress in the resolution of LSO training system design uncertainty and to
demonstrate the automated LSO training system concepts which were derived in
an earlier study by Hooks and others (1978). In support of these objectives,
several areas of investigation were planned. They are delineated in Table 1.
Of primary interest were the concepts of a "pilotless" LSO training system,
automated LSO performance measurement, and the requirements for visual simu-
lation in an LSO training system. These were considered the most important
issues in resolving the functional requirements for an automated adaptive LSO
training system. System development time was greater than originally antici-
pated. This factor precluded comprehensive experimental investigations. Two
issues, training transfer and adaptive LSO training strategies, were not
addressed due to limitations in the capabilities which could be incorporated
into the laboratory system.

The objectives of the second contract phase were based on results ob-
tained from exercising the laboratory LSO software. The first objective was
to enhance this system from two perspectives: perceptual characteristics of
the display and instructional features. The second objective was to evaluate
the merits of interactive decision-oriented instruction early in the LSO
training cycle. A third objective was to evaluate the feasibility of limited
instructorless LSO training. The final objective was to evaluate the utility
of a simplified LSO decision-making model for early LSO training. There was
also an underlying secondary objective in this contract phase, the evaluation
of the system itself as a candidate part-task, LSO decision training device.
Some success was obtained in meeting these objectives, but the rsults were
limited from a scientific basis. Although the training effectiveness of the
laboratory system was not validated, some insight was gained into directions
for future research with automated LSO training system concepts.
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TABLE 1. AREAS OF INVESTIGATION

System Level: Training Transfer
"Pilotless" Training System Feasibility

Visual En, ironment: Instructional Feedback Display

Artificial Cueing
Resolution Requirements
Aircraft Level (f Detail Requirements
Field of View REquirements

Pilot/Aircraft Modelliig: Pilot Skill Var-ation

Instructional Feedback Relevant Feedback Content

Selection of Learning ;.iternatives: Adaptive LSO Training Strategies

Performance Measurement: Speech Recognition Techniques
Applicability of LSO Behavioral Models

i
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PR06RMA ACTIVITIES

The primary acrtivities duriru, this orogra;n in,/31ved the development and
utiLization of a laboratory 'LSO training system called interactive Experi-
ments System (IES). Aother activity involved the exnperimenta utilization of
the Av,.ation Wide Aungle Visual System (AWAVS), now called the Visual
Technology Research System (VTRS).

ILABORATORY LSO SOFTWARE (IES)

DevelopA,:kt cr sorftware for a laboratory LSO tra...ning system was Initial-
ly oriented to the demoastration of an automated LSO training system concept.
Thais initial contract phase occurred between September 1978 and September
1979. Following that effort, a second contract phase was initiated to inves-
.igate more specific aspects within the 1-SO training s3ystem concept. This
activity occurred between October 1979 and September 1980. The activities
involved in these two plhases are described below.

INITIAL PHASE. As mentioned earlier, this initial coiitract phase was oriented
toward several areas of investigation. For IES, the primary rocus was on
development and demonstratlon of the concept of an automated system for LSO
F-raininq: a "pilotless," closed-loop system allowing LSO interaction throuch
automa-ted speech recognition. Figure 1 depicts the ecauipment configuration oz
TES.

Development. Development of this system was based on a preliminary design
presented in an earlier report by Hooks and others (1978). Hardware at
NAVTRAEQUIPCEN for which IES was designed included a NOVA 1200 CPU, a NOVA 800
CPU with floating point, a VIP-100 voice recognition preprocessor, an inter-
orocessor communication link (IPB), a shared disk featuring two removable and
two fixed cartridges, a Megatek 5000 random scan graphics display, and a
-alley Model 2200 line printer. Software design and development were accom-
plished by Logicon and NAVTRAEQUIPCEN personnel, using a government-owned
7Eclipse S-130 at Logico n. IES was designed such that Logicon personnel pro-
duced the software for system elements to be run on the NOVA 800 and
NAYrrRAEQtJIPCEN ): rscnnel dlevzioped the software elamenits for the NOVA '200.
This mqinim-ize6 ";a ecti n-. and integration probloms during devclop'ent-
Early into the ceeomrteffort it was noted that the re would be li--tatiofl5
in CPU capacity which would limit the numnber of available training functions.
Therefore rik.ve'.,-nent efforts had to Include furnctional priority considiera-
tions. As a result, YZE capabilities were sor_ wnst less than originalli
envision-2d, an! -.- uo' _ti~ng sy'stem for the Nova cu5:achanged froE !-*DCS. a
disk based syste m, to P-cEi, a memory resident syste-m; RTOSh fewer capabili--

ties but is also Less dciaanding of resources.

Softw~ -'.he cpcra.~. ucp i czr L.f. s; %.'7 ir-~ee to
v-ew a K~~rtra'-alofa ceLtth

vzew~~~~~~ -- .r fa pa:,p ie h netc. _i: a -o~ce call
.d i...............1.t-c ~ ~ th y te - ou then pro-e :-.e ca !,

sirtuL, i*t an r isniay ,',-L re--: _si, csd r, cc I ,:, evalu.s: ion of tz ,.iner per-
T h."ie 3(9 sc-, oor, LS ' and htinteract-. cn in an

~-it'u~iea~srrar~-c~rtro~edenvironment.
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There are several major functional aspects to IES: graphic display of
aircraft and approach scene, LSO performance evaluation, speech recognition,
Aircraft/Pilot Model (APM), exercise control and performance data recording.
Paragraphs below provide descriptions of system functions and an overview of
system operations in its initial version.

The graphic system of IES provides a line-drawing depiction of an
approaching aircraft and background scene including horizon, carrier deck out-
line and ship's wake. It also provides text messages and an aircraft position
grid presenting dynamic glideslope, lineup and range information. The air-
craft image has minimal fidelity, looking somewhat like a wire model airplane.
This significantly minimizes graphic processing requirements. The visual
field of view covers about 60 degrees (horizontal) and the aircraft image is
updated approximately 12 times per second. Figure 2 is an annotated depiction
of IES in the initial phase.

LSO performance evaluation is provided by correlating recognized voice
call input to aircraft state parameters (including glideslope, lineup, angle
of attack and range) to a pre-programmed model of correct performance. Table
2 provides a listing of 33 voice call and approach situation correlations
which are incorporated into IES. This is essentially a significant sim-
plification of the LSO behavioral model developed by Borden and McCauley
(1978).2 Performance evaluation in IES is a "snapshot" model which does not
account for rates of aircraft parameter changes (such as sink and drift rate).
However, the model implementation is such that it can be increased in complex-
ity if IES were implemented on hardware with greater CPU resources. Another
limitation to the initial version of performance evaluation is that "errors of
omission" (e.g. no voice call when one is required) are not detected.

Automated speech recognition involves the collection of an LSO's voice
natterns on each call which will later be used in training exercises. This is
the interactive link between the LSO and the approach situation. IES has been
designed to handle 23 standard LSO voice calls. Table 3 provides a listing of
IES voice calls. Not all of them are used in the performance evaluation
function.

The aircraft/pilot model (APM) function guides the simulated aircraft
flight dynamics based om pre-prograinmed maneuver commands or corr.ands based on
LSO voice calls. The approach speed of the aircraft is fixed at 110 knots of
closure. Glideslope and lineup positioning vary between a series of zones
which reflect various deviations from optimum positioning daring approach.
Sates of glideslope and lineup positioning changes ire variable pre-programmed
values. Lineup positioning changes include aircraft roll movement for change
initiation and completion. Angle of attack (AOA) is reflected in nizch vari-
ation between optimum (about 10 degrees nose up), fast (about five d3Cu<_e3
nose up) and slow (about fifteen degrees nose up). Range is segmented into
Four zones Wnch begin at one mile: "start," "in the middi, .. ," and
" t r:~ ~eramp." 'igure 3 proviles unscaled depictionj o. gl Zsi, ?up
a:d.d anre zon- variations. APM also reflects pilot skill ano res ,os1'eness

2. .J. Porden arn i.E. McCauley, Computer Based ISO Carrier Aicrart
recovery Model (Progress Report), Human Performance Research, Inc., 1978.

12
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Figure 2. IES Graphic Display
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TABLE 2. PERFORMANCE MODEL IN IES

Relevant Aircraft Parameters

Correct Call Rang Glideslope Line Up AOA

"You're High" Start Very High

"You're High" Middle Very High

"You're High" Close Very High

"You're Low" Start Low

"You're Low" Middle Low

"You're Lined Up Left" Start Left
"You're Lined Up Left" Middle Left
"You're Lined Up Right" Start Right

"You're Lined Up Right" Middle Right

"You're Fast" Start Fast
"You're Fast" Middle Fast
"You're Slow" Start Slow
"You're Slow" Middle Slow
"Power" Close Low
"Power" Close Slow
"Right for Line Up" Close Left
"Left for Line Up" Close Right

"Waveoff" Close Low Left

"Waveoff" Close Low Right
"Waveoff" Close High Left
"Waveoff" Close High Right

"Waveoff" Close Low Slow
"Waveoff" Close High Fast
"Waveoff" Close Left Slow
"Waveoff" Close Left Fast
"Waveo f f" Close Right Slow
"Waveoff" Close Right Fast
"Waveoff" Ramp Low

"Waveoff" Ramp High

"Waveoff" Ramp- Left

"Waveoff" Ramp Right

"Waveoff" Ramp ------- Fast
"Waveoff" Ramp ------- Slow

Note: "---" indicates that this parameter is ignored by the system.

14
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TABLE 3. LSO VOICE CALLS IN IES

Roger Ball

You're A Little High

You're High

You're A Little Low

You're Low

You're Going High

You're Going Low

You're Lined Up Left

You're Lined Up Right

You're Drifting Left

You're Drifting Right

You're Fast

You're Slow

Check Your Line Up

Don't Settle

Don't Go Low

Don't Climb

Don't Go High

A Little Power

Power

Right For Line Up

Left For Line Up

Waveoff

15



NAVTRAEQUIPCEN 78-C-0151-1

VERY HIGH

HIGH

LITTLE HIGH

ON GLIDESLOPE

LITTLE LOW

LOW

GLIDESLOPE

RIGHT

LITTLE RIGHT

ON LINE UP LINEUP

LITTLE LEFT

LEFTST 

R

k'igue 3. lidelopeLineu (ndR 0ngeZ 0n )

INTH6IDL



NAVTRAEQUIPCEN 78-C-0151-1

variations based on pre-programmed scenario inputs. Skill is reflected in the
size of glideslope and lineup variation within a zone. Responsivenes3 is
reflected by pre-programmed time variations between LSO voice call anil
aircraft response

A primary influence on exercise control is the scenario selected by the
operator. The scenario file contains a pra-programmed a rcraft approach pro-
file which has been designed for a specific training pur ,ose. Maneuvers and
changes in AOA are keyed in the scenario to range values. In the initial
version of IES, text prompting messages ar( also pre-programmed, and display
of the text is an operator option prior to starting an approach. Another in-
fluence on exercise control occurs when an LSO voice call is recognized by
IES. For a correct voice call (as determined by performance evaluation), the
aircraft responds with a pre-programmed maneuver to correct the existing
deviation. Incorrect voice calls are ignored in the initial version of IES.
The final influences on exercise control are operator options selected prior
to commencement of an approach. In the phase one version, these incLude
display of scenario text messages, display of performance feedback messages,
display of aircraft position grid and determination of whether the aircraft
will maneuver in response to LSO voice calls.

Performance data frori an approach is saved and displayed at the oper-
ator's terminal at the end of approach and is available for printout at the
end of a training session. Data available in the initial IES version includes
scenario, LSO name, operator options selected, voice calls along with the
aircraft parameters at the time of the call, correct call if call made was
incorrect, aircraft parameters throughout the approach (at a sampling rate of
about once every second), and an accounting of time spent by the aircraft in
the various glideslope, lineup and AOA zones.

From an overall viewpoint, IES is a limited representation of all major
functional elements of an automated LSO training system with the exception of
automated, adaptive syllabus control.

Utilization and Results. After implementation the system was demonstrated to
several fleet LSOs, and an informal test was conducted in-house at Logicon.
Two subjects were used in the test, each having a Navy carrier pilot back-
ground, but no LSO experience. Over two days, each subject waE sequenced
through syllabus exercises. Syllabus sequencing was based on incremental
introduction of waving skill components (glideslope, lineup, AOA and waveoff
related calls). From the standpoint of system operability, the system tested
suicessfully. From a training standpoint, however, several deficiencies were
discovered.

a. One of the major discrepancies involved difficultit s on the percep-
tion of approach deviations presented by the scenarios. This led to a con-
clusion that some amount of parameter exaggeration was required to enable
meaningful presentatior of waving situations.

b. Absence of a capability to detect errors of omissions sicnificantly
lessened the value of the performance evaluation function.

c. It became evident during testing that a freeze capability would aid
effective conduct of a training session.

17
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d. The aircraft position grid proved to be excessively cluttered, thus
lessening its effectiveness as a perception aid.

e. The fact that the aircraft responded only to correct LSO calls turned
out to be an excessive departure from real-world LSO waving interaction.

f. There were speech recognition difficulties which were attributed to
lack of a contextual voice data collection (VDC) and to collection of data for
more calls than were actually used. The VDC capability was implemented at
NAVTRAEQUIPCEN but was not used in Logicon's in-house testing.

g. It was noted that the performance evaluation feedback feature would
have been more effective if clarifying information could have accompanied the
display of the correct call.

h. Design of the glideslope and lineup "zones" to converge at the opti-
mn touchdown position significantly degraded the depiction of deviations for
the "in close" and "at the ramp" segments of the approach, precluding vari-
ations in the final results of the approach. The system was thus unable to
provide additional feedback on the effectiveness of LSO control in the
terminal portion of the approach.

i. There was some question regarding the fidelity of the aircraft image
from a training standpoint.

j. It was also noted that some form of evaluative feedback should be
presented to the subject by the system following the approach, in order to
enhance learning rate.

Another result of testing and demonstration of the system to skilled LSOs
was the realization that the laboratory system with refinement, has signifi-
cant potential as an introductory, part-task LSO decision training system. It
could provide limited interactive training in an instructional setting such as
the LSO Phase I School.

SECOND PHASE. In response to the results obtained from initial utilization of
IES, software revision and IES testing, in accordance with the program objec-
t'ves stated earlier, were conducted next.

Development. Since the software revisions were directed at increasinq the
capabilities of IES, the initial efforts involved identification of candidate
enhancements and the structuring of overlays in IES to increase available
memory. A functional specification of highest priority enhancements was
Jeveloped and the software revisions were designed and implemented incre-
mentally. As in the initial contract pnase, the revision effort invol.ed
togicon and NAVTRAEQUIPCEN programmers. The functional aspects of the system
wl ich were revisel included a graphic system, performance evaluat.n, APM,
exercise contrAl and performance data recording. The scenario files were also
rodified and additional scenarios were added to IES. The results of the
rev sions follow.

3o{ftware Description, The operAting concept of IES remains as described for
' .e initial contract *hase. The revisions for this contract phase are out-

Aned in Table 4 and discussed in the paragraphs below.

18
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Freeze was implemented in the revised IES. This is initiated through the
operator terminal. From the "freeze" state, operator action can be taken t
either resume the approach to its completion or terminate the a~proach.

TABLE 4. IES ENHANCEMENTS

Freeze
Prompt and Feedback Messages
Detection of Voice Call Omissions by Performance Evaluation
System

Graphic System Enhancements

Aircraft Response to Selected Incorrect Calls
Revision of Glideslope and Lineup Zone Origin
Exaggeration of Deviations
Approach Results Display
Revision of Perr7ormance Summary Data

During freeze, text messages and aircraft position grid remain displayec.
During freeze, an enhanced aircraft image is displayed.

Prompt and feedback text. messages were expandel to provide clarifying
information in terms of relevant aircraft approach arameters. Fcr exarnple,
if the call "You're Low" was recognized, but "You'r High" was the corrct
call, the relevant parameterk. of range and qlideslce would be displayei. The
display of prompt messages was revised such that they are now data-driven and
rot controlled by pre-programmed scenario t -xt commands. If the prompt option
is selected, the correct call and relevant arameters are displayed as soon as
the aircraft reaches a state requiriig a call.

Performance evaluation accounts for "errors of ozrission" in the revised
IES. If a call is not made within a brief time period after the aircraft
reaches a state requiring a call, an LSO performance error is noted by the
system. If the feedback message option is selected, information as described
above for a prompt is displayed.

There were several revisions to the IES graphic system. One mentioned
eari.rer is the enhanced aircraft image displayed during freeze. This image is
similar to t1r. A-7 aircraft and provi tes perceivabl, separatio of wing and
horizontal s;t&n izer. The ru.n-time aircraft image was also imp.-Dved s.ightly.
Aditional carrier landing area markings were incorporated into the background
scene. Clutter in the aircraft position grid was reduced. Figire 4 is a
depiction of the revised IES.

The capab ity wa, addei for the aircraf* to rspond to selected incor-
rect voice calls. Thence nclude "waveoff," "power," and "right/left for
lineup", whi-h ar imp- rative LSO calls for which pilot response is very
likely even if incorrectly used by the LSO.

The origin for glLdeslope and lineup zones was revised. The initial ver-
sion of IES had the zone oriinating from the ideal touchdown point on the
deck. This did not al ow foi deviations on touchdown, nor did it provide ade-
qua*.' pprc-ptual variation i, the final portion of the approach. The zone
nrig~n has been moved :;o that glideslope and lineup deviations on touchdown
can vary a .d be discriminated by the system for reporting approach results to

19



NAVTRAEQUIPCEN 78-C-0151-1

YOU'RE LOW
POWER
CLOSE
LOW

Figure 4. Revised IES Graphic Display
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the LSO. In response to difficulties reported in perceiving glideE.lope,
lineup and AOA deviations, the sizes of the deviations were exaggerated and
optimum glideslope was rotated upward.

At the end of an approach, touchdown dynamic- are presented in the text
area of the display. Parameters presented include arresting wire (where a 3
wire is optimum), lineup position (only if other than optimum) and angle of
attack (only if slow or fast). If the aircraft is too high to catch a wire
the landing result presented is "bolter" (landed but did not catch a wire) or
"waveoff" (too hig'i to touch the deck).

The system fo: performance si.mmary data recording, displaying it (on the
operator terminal) and making it available for print-out was revised. The
periodic recording of aircraft parameters throughout the approach was deleted.
The summary of LSO voice calls correlated to aircraft parameters was stream-
lined and revised to present word and acronym descriptions instead of number
codes. The zone accounting data was also reduced. Figure 5 shows a sample
performance summary print-out.

As mentioned earlier, IES is a laboratory representation of automated LSO
training system concepts reported earlier by Hooks and others (1978). Figure
6 excerpted from the report, presents a generic functional architecture for an
automated LSO training system. Table 5 presents a summary of IES features
correlated to that functional architecture.

Utilization. After Lmplementation of software revisions, IES was informally
exercised with three subjects at Logicon's San Diego facility. Time and
equipment availability constraints precluded extensive experimentation. The
intent of this activity was to obtain performance data and subject ve commen-
tary which would help identify potential strengths and limitations of IES and
the LSO training system concepts represented by it. Each subject eceived
traLning in the basic LSO decision skill subset which was designed into :ES.
Queftionnaire and system performance evaluation data was recorded during the
study to evaluate system capabilities and potential training merits.

The training consiited of four sessions for each subject. Each session
was approximately one and one-half hours in duration. Two of the subjects
were Navy pilots without LSO skills; one was a very experiencec carrier pilot,
the other very inexperienced. The third subject was a highly experienced LSO.

There were several procedures in the study which were common to each ses-
sion. Each session included four portions: session briefing, training, test-
ing, questionnaire completion. During the session, the subject was allowed to
retain a handout containing system and training information for easy refer-
encE. Midway through th training portion of the session and just prior to
testing, the subject was given a break from session activities. During test-
ing, the system operator manually recorded voice calls when speech recognition
errors occurred.

The testing portion of each session involved having the subject "wave" 20
scenarios without the aircraft position grid and with only speech recognit-on
feedback messages available. The system operator provided no verbal feedback
to the subject regarding performance during testing. The test always included
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TABLE 5. SUMMARY OF IES FEATURES

INSTRUCTIONAL PRESENTATION

a. Visual Environment

1. generic aLrcraft outline provided during approach; at freeze the
outline switches to one with similarity to the A7 aircraft

2. day scene operating environment with depiction of £hip's wake;
field of view of about 60 degrees

3. generic carrier deck outline with centerline and "ladder line"
markings; flush deck LSO platform

4. instructional effects include cueing aid for aircraft positioning
(glideslope, lineup, range) and text messages for feedback and
prompting

b. Pilot/Aircraft

1. simplified performance characteristics included fixed approach
speed, limited variations in AOA (fast, on, slow), limited
variations in sink and drift rate, limited correlation of roll to
lineup changes, no correlation of pitch to glidesiope changes

2. "zones" established for glideslope, lineup and AOA deviations for

control of variations in aircraft maneuvers

3. Pilot characteristics limited to size of deviations within zones
(small, medium, large) and variations in response rate for
maneuvcrs (fast, medium, slow)

c. Aucio Cues - not provided

d. Workstation Displays - not explicitly provided, however cueing aid
has functional sima]arity to LSO HUD

e. Workstition Controls - microphone provided for LSO communications to
the pilot

f. Deck Motic: Cues - not provided

. Instr' al Feedback - through operator options, performance feed-
back and prompting are available

ADAPTIVE CONTROL

a. Select:on of Learning Alternatives - automated capability nct

1_%rovided

0. Selectic. )f Proficiency Alternativ - automated capability not
provided
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TABLE 5. SUMMARY OF IES FEATURES (CONT'D)

c. Instructor Intervention

1. instructor (operator) displays limited; over-the-shoulder (bser-
vation of student display, own CRT display of options selected
and end of run summary data (approach results and student
performance)

2. instructor (operator) control limited; scenario selection, pre-

selection of instructional options (prompting, feedback, cueing
aid, aircraft response), freeze during run, re-run approach

3. data automatically recorded for each approach (operator selec-

tions, student performance, approach results) and available in
hard copy through a line printer

PERFORMANCE EVALUATION

a. Performance Measurement

1. speech recognition for limited LSO clls

2. detection of aircraft state pacameters

3. accountability of aircraft positioning in "zones"

b. Scoring - determination of correctness of LSO call (or lack of call)

with respect to aircraft state parameters
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tne same 20 scenarios. However, they were presented in a differen sequence
each time. Ten of the scenarios were selected froui the 21 basic training
scenarios used in the training portion of the study. The other ten involved
more complex, multi-dimension deviations modelled after typical unsuccessful
approach profiles (those which lead to bolters, hard landings and ramp
strikes). The tesc did not include any "catch trials." Descriptions of the
training and testing scenarios are presented in Appendix A.

The questionnaire completed by the subjects consisted of the same ques-
tions for each period. Of primary interest were problems experienced with
IES, suggested IES improvements, ease of detecting deviations and learning
achieved during the session. At the end of the final session, additional
questions regarding the subject's perceptions of overall learning
achievements, IES instructional strengths and potential IES utilization
cGncepts were presented. A copy of the questionnaire is presented in Appendix
B. Questionnaire results are discussed later in this section.

All subjects received the same testing and all completed the question-
naire. The two non-LSO subjects received the same briefing and training por-
tion of each session. The experienced LSO subject observed during each
session of another subject. Following this observation effort, he received a
brief practice period with the 21 basic training scenarios prior to being
tested. The four sessions experienced by the non-LSO subjects are described
below.

In the first session the subject was given a comprehensive briefing con-
cerning the study, IES and the training to be accomplished. A system and
training information handout was also provided to him for reference. Follow-
ing this the subject observed several approaches on IES for familiarization.
The next step was voice data collection (VDC) for the 10 LSO calls to be used
in training. VDC was accomplished through visual prompting from an alpha-
numeric CTT terminal, with four repetitions of each phrase and voice valida-
tion. The training portion of this session consisted of IES prompted pre-
sentation of all 21 basic training scenarios. The aircraft position grid was
available for each approach and the system operator provided verbal pre-
_,rompting prior to each approach. Testing and questionnaire completion
finished the session.

For the sec<nd sesi.son, the subject was given a refresher briefing on the
system and the szcdy. The specific scenarios to be emphasized in this session
were also discusseo. During this session, training focused on 10 scenarios
which consisted of informative voice calls for glideslope, lineup and AOA de-
viation within "at the start" and "in the middle" range zones. Initially,
ee<:h of the 1) scenarios was presented with verbal pre-prompting, real-time
IEi prompting and the aircraft position grid displayed. The second time
through the same scenarios, there was no prompting, but IES feedback and the
aircraft position grid were available. The final portion of trainii involved
Practice with tne 10 scenarios -)us or:sentation of several "catcn t; 5ja"

scenarios (those with slight deviations but not requiring voice calls).
uri q -atice, the only aids available were IES performance feelback

,lessa'ges. Testing and questionnaire completion finished the session.

In the third session the subject was again given a refresher briefing and
-,pecific scenarios to be emphasized were discussed. During the session,
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training focused on seven scenarios covering the imperative voice calls used
w.th single lineup and glideslope deviations for "in close" and "at the ramp"
range zones The initial portions of scenario presentation were as described
in the second session. During the practick portion, training scenarios
learned in the previous session, as well as "catch trial" scenarios, were also
included. Testing and questionnaire completion finished the session.

In the fourth session the subject was again given a refresher briefing
and specific scenarios to be emphasized were discusse2d. Training for this
session focused on four scenarios which covered the "waveoff" call for mul-
tiple dimension deviation within the "in close" range zone. The practice
portion of the session included nearly all of the 21 basic training scenarios
plus a few "catch trials." Testing and questionnaire completion finished the
session.

Several problems iere encountered during utilization of the system.
Approximately twenty-f ve percent of the LSO voice calls were not properly
recognized by the spee-h recognition sub-system. This, in tirn, caused frus-
tration on the part of the subjects and required manual reco-ding of unrecog-
nized voice calls by the system operator. Unfortunately, the collection of
voice data in a training context was not available when experimentation began.
This is noteworthy since experience in other speech recognition-based training
systems suggests that the voice data collection procedure influences the
speech recognition performance. The interested reader is referred to Breaux
and Goldstein (1975) and Breaux and Grady (1976). Also, in a follow-up inves-
tigation of the speech recognition subsystem, it was found that the threshold
parameters were not optimized for naive system users. Another problem was
that there was no performance data recorded for one of the subjects (inexperi-
enced pilot) during his first two sessions. This was due to a temporary
breakdown in the data recording feature of IES. There was ai excessive deliy
of aircraft response to scenario-generated maneuver commands and to LSO voice
calls. This discrepancy was noted prior to experimentation, and scenario
maneuver timing was corrected to better reflect scenario training objectives.
However, delays in aircraft response to LSO calls was not corrected. From a
"waving" standpoint, the aircraft response delays lessened the reali .m of
LSO-pilot interaction ant was noticeable to the subjects. Another problem ,as
that the output from performance evaluation was occasionally in error. For
example, the :,_orded output of aircraft parameters did not alTays agree with
the voice call which was recorded as correct or incorrect. This error was
very infrequent but required extra attention to the performance data printouts
during analysi6.

Several other items concerning experimentation are considered wcrthy cf
comment. A few features of IES were not exercised during experiment, tion.
The operator options to freeze, to rerun scenario, and to preclude a:rcraft
maneuvers on LSO calls were not used. The training value of freeze and rerun
were considered unquestionable and therefore were i:.tentionally left out since
this was such a brief study. Precluding aircraft maneuvers on LSO vcice cells
seemed more appropriate to a more extensive IES training program and was aso
intentionally left out of experimentation. The small sample of subjccts used
in this study was a shortcoming which could not be prevented due to time,
equipment and subject availability constraints. More subjects and mcre train-
ing sessions per subject would have been desirable. However, since -uture
experimentation with IES 1-y NAVTRAEQUIPCEN appeared to be a realisti,
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possibility, it was considered more important to LSO training research objec-
tives to complete this study and report its results within the contracted cost
and time frame.

Results. The results from experimentation with IES are described below. Dis-
cussion of recorded performance data is followed by discussions of question-
naires, then the performance and questionnaire results are discussed concur-
rently. In view of the extremely small sample, tests of statistical signifi-
cance were not performed.

Overall performance measures by each subject improved after each session.
Measurement of performance was defined during analysis by the percentage of
correct calls within all call opportunities (calls made plus calls which
should have been made.) Figure 7 depicts group and individual performance
over the four sessions. It is noteworthy that the experienced LSO had the
highest performance scores and the inexperienced pilot had the lowest, which
is expected in a valid training system. Group performance data was also

analyzed from several other perspectives.

Figure 7 also depicts performance by types of deviations over the four
sessions. Notice that LSO performance with lineup deviations was the lowest,
whereas performance for AOA and combinations of deviations tended to be higher
than the others. High performance levels for combination deviations are
probably due to the fact that a single call, "waveoff," was the only decision
output for each of these situations in this study.

Figure 7 also depicts performance by range zone over the four sessions.
Performance during "in close" tended to be below the others whereas "at the
ranp" performance was well above the others in the final two sessions. The
results of "at the start" performance are probably insignificant since there
were very few deviations presented within that range zone. There are several
likely reasons for poor "in close" performance. One is that there were more
,in close" situations to be learned (8 out of 21 basic training scenarios).
Additionally, for several deviation situations, the required calls differed
significantly from "in the middle" and "at the ramp," making "in close" range
zone estimation a more critical decision factor than for other range zones.
Tnese situations are delineated below:

Deviation In the Middle In Close At the Ramp

Low you're Low" "power" "waveoff"
Slow "You're slow" "power" "waveoff"
Fast "you're fast" none "waveoff"
Right "you're lined up right" "left for lineup" "waveoff"
Left "you're lined up left" "right for lineup" "waveoff"

The high performance levels for "at the ramp" were probably influenced by the
fact that for any significant deviation in this range zone, the only ccrrect
call was 'waveoff."

From the perspective of cdIls used, performance quality with the "wave-
off" and "you're slow" calls was dramatically higher than for any others.
"4aveoff" call performance was probably influenced by the heavy training em-
phasis flaced on its utilization. Eight of the 21 basic training scenarios
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elicited the "waveoff" call. Additionally, many of the complex testing
scenarios were designed to result in "waveoff" situations.

The data were analyzed to see it performance with the basic training
scenarios rortion of testing differed from that with the more complex
scenatios. Surprisingly, the differences appeared inconsequential. Data was
also analyzed to see if there were differences in performance between
informttive and imperative calls. The differences here also appeared to be
insiqnificant.

In the questionnaire, subjects were asked to rate how well they could
detect the various deviations within the various range zones. Glideslope
deviations (high in particular) were rated easiest to detect and angle of at-
tack deviations (fast in particular) were rated lowest. The subjects ranked
"in close" as the range zone in which deviations were easiest to detect. The
"midile" and "ramp" range zones were also rated fairly high. The "start"
range zone was rated quite a bit lower than the others, as was expected. The
subjects noted that it was difficult to perceive deviations due to the small
size of the aircraft image at long ranges.

After each session the subjects were asked to identify the two decisions
which were best learned during that session. The decision to call "power" for
low glideslope in close was most frequently noted (four times). "Waveoff" was
called for high, fast in close and for low, slow in close, and "you're lined
up right/left" was called for lineup deviations at the start (three times
each).

To help identify potential shortcomings in IES effectivenss, the subjects
were also asked to identify two decisions for which the least learning
occurred during each session. "Waveoff" for lineup deviations at the ramp was
mentioned most frequently (five times). "Right/left for lineup" for lineup
deviations in close was also mentioned frequently (four times).

At the end of the study the subjects were asked to rate how well they had
learned the various decisions in the course of the study. The purpose of this
question was to force the subjects to reflect upon the overall learning
experience with IES. All subjects felt that they had "learned" or "learned
very well" all -ecic:ons, with one exception. One subject was -.t sure if he
had learned to use the call "waveoff" for lined up right at the ramp. His
reason was based a:pon uncertainty in perceiving the deviation. Decisions
related to lineup deviations at the start, in the middle and at the ramp, and
glideslope deviations at the start received the lowest overall ratings.

Tfe questionnaire also brought out several aspects of IES which the sub-

sects felt needed inprovement. Problems with speech recognition were most
frequently ncted. From the subjects' standpoint it caused frustration. it
was also noted that automated performance measurement was dccraded and that
"instructor" (system operator) loading was high due to aanually recordIng
voice calls. Difficulty detecting the fast AOA deviation was also noted by
all suibjects. Two of the subjects commented that there should have b.een more
"ok" approaches (no deviations) during training and testing. It was also
suggested that the training portion of each session should include several
complex, multi-deviation scenarios such as those presented during testing.
The authors concur that these suggestions would have improved the reliability
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of study results. A "pickle" switch was suggested by two subjects One
subject suggested a large display and another was critical of aircraft image
"jerkiness" in close. One subject suggested that the text messagei would be
easier to monitor if l cated nearer to the aircraft position grid. The
authors concur that the suggested modifications to IFS are potential
improvements, but their cost-ffectiveness is questionable.

The experienced LSO had ,ome additional critique items of interest. He
felt that training and performance evaluation should incorporate some pre-
cautionary calls such as "check your lineup," "you're drifting left," "don't
settle," etc. These would he-p provide instruction in anticipatory decision
skills in addition to the "snapshot" skills currently addressed by IES. It
would also provide fine- tuned control of aircraft dynamics by the LSO trainee
since, when properly usad, precautionary calls can preclude gross deviations.
He was also critical of the roll dynamics associated with lineup deviations,
since most real-world lineup deviations are more subtle. Increased feedback
and instructional guidance to the student at the end of an approach was also
suggested and was strongly concurred in by the authors. He felt that the
horizon should be more prominent and that the lineup deviations and correction
rates, in close and at the ramp, were excessive departures from realisn.. He
also felt that a "ramp strike" should be one of the possible outcomes of a
poor approach.

The subjects had severa: inputs regarding perceived strengths of IES for
LSO training. All agreed that IES promotes a conceptual understanding of LSO
decision skills. They felt that the interactive LSO task performance aspect
of rES is a valuable introduction to waving, since it allows a trainee to gain
early experience with the key elements of the LSO's decision loop: detecting,
deciding and taking action. The inexperienced pilot felt strongly that his
experience with IES in this study would be helpful to him in his early
on-the-job LSO training. The aircraft position grid, in conjunction with the
"snapshot" approach ?arameters associated with voice calls, encourage him to
approach learning the LSO job from a "window" concept. He said that he will
establish a series of spatial "windows" which he will use to guide his
learning of when to use the various LSO voice calls. The experienced LSO also
suggested that, if situations requiring a larger selection of voice calls were
incorporated into IES training, this systen could help promote voice call
standardization in the LSO community. A quote from the experienced LSO is
also noteworthy in providing insight into the potential value of LSO training
system support to the. LSO training program: "... the machine is extremely
valuable. What it lecks in reproducing reality, it more than makes up for by
prgviding student LSJis valuable decision making training which is never avail-
ab e in sufficient qiantity in the fleet. It will eliminate the necessity of
the Air Wing LSO con entrating on basics.... "

There were some interesting correlations between task performance a id

questionnaire data. Of major interest to LSO training goals is task perform-
ance within the "in close" range zone. Pilot and LSO errors here can lead to
tragic landing results. "In close" was the range zone in which the poorest
perFormance was demonstrated, whereas the subjects felt that deviation detec-
tioi was easiest in this area. As mentioned earlier, the number and com-
plecity of the "in close" situations may have adversely affected performance.
As -igure 7 (presented earlier) shows, "in close" performance appeared to be
dramatically improving in the final session. This, coupled with the subjects'
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opinion of their detection skills, could indicate that there! were too few
training sessions to fully integrate the decision and action aspects of the
task with detection. AOA was rated by the subjects as the most difficult type
of deviation to detect, but performance with AOA deviations was well above

average.

Regarding :iow well the subjects learned to "wave" various situations

there were also some noteworthy correlations. Performance was very high for
situations consisting of combination deviations. This compares favorably with
the perception of the subjects that low, slow in close and high, fast in close
(two situations leading to the "waveoff" call) were well learned during IES
training. This is probably indicative that the subjects easily grasped the
decision rule promoted by the training sessions that two major deviations in
close require a "waveoff" call. Conversely, although the subjects felt that
they learned well the situation low in close (leading to the "power" call),
their performance for this was below average. This seems to indicate the
difficulty subjects had in discriminating voice call requirement transitions
by range for low deviations during approach, as discussed earlier. Situations
consisting cf lineup deviations in close and at the ramp were considered most
difficult to learn by the subjects. Performance data for lineup deviations in
close concurred with this perception. However, data for lineup deviations at
the ramp indicated a high level of performance.

In summary, several results of IES utilization were encouraging. There
was a definite imporvement in subjects' ability to perceive deviations from
the original version of IES. The instructional feed back text feature of IES
was also a definite improvement. Even though performance was less than
expected, the learning progres over the four sessions was encouraging. The
high level of performance and rate of learning for use of the "waveoff" call
were particularly encouraging. The most encouraging result of all was the
subjects' high level of receptivity to the automated LSO training system con-
cepts of interactive, decision-oriented training. The fact that, after four
training sessions, subjects were making correct calls only about fifty percent
of the time was disappointing. Poor student performance for in close situ-
ations and poor system speech recognition performance were also disappointing
results. In retrospect, the authors feel that the subjects should have
received more taining sessions to better assess student learning progress.

For a field application there are several signifcant snortcomings to IES.
Operation of 1ES was not designed for "turn key" utilization in a field
training setting. The scope of instruction for field utilization is extremely
limited, only encomassing minimal interactive LSO decision situations and
voice calls. Flexibility for scenario revisions and expansion is very limited
due to hardware constraints and software structure rigidity. Resolution of
system shortcomings is possible with new hardware and revised software, but
there is probably a significant cost consideration.

AWAVS EXPERIMENTATION

Experimentation was planned for the Aviation Wide Angl: Visual System
(AWAVS) at NAVTRAEQUIPCEN to investigate visual simulation requirements for an
LSO training system. Subsequent paragraphs briefly describe AWAVS, experi-
mental plans, experimentation activities and results. An expanded discussion
of this activity is available in Appendix C.
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AWAVS is a large domed visual simulation surrounding an aircra 't cockpit
(--2). The aircraft s.mulation includes a motion base. AWAVS can ?roject
irtegrated imagery to he display area (about 1800) through two prciectors,
oi.> for background scene, the other for target image. Projected iiragery can
cone from either a model board or computer generation source. AWAVS was
de +igned for research with visual simulation requirements for pilot training.
Fo: this experiment a computer generated A-7 airc-aft data base wa. developed

an, a model aircraft carrier deck was constructed. AWAVS projectec the
carrier image through the background projector ar.d the A-7 image through the
target projector to provide a carrier approach scene from the LSO's
perspective.

Oricinal experimental plans called for investigation of several visual
sinulaticn variables including resolution, field of view and aircraft image
level of detail. Testing was to be done under simulate l day and night ambient
light conditions. Due to system capability constraints, plans were reduced to
looking only at field of view variations, and only under simulated day condi-

tions. Constraints included: limited preprogrammed control of aircraft
approach dynamics, no night aircraft image, and only a single image level of
detail available. Addi:ionally it turned out that only the highest system
resolution allowed recolnition of the aircraft image. The question actually
addressed was whether fLeld of view size made a difference in LSO perception
and voice call performance. This was considered important since field of view
size is a significant cost consideration for candidate visual systems.

In conducting the experiment, six highly skilled LSCs were used as sub-
jects. Canned approach profiles were displayed to the subjects who were in-
structed to make LSO calls as if they were "waving" the aircraft. Various
sizes of glideslope and lineup deviations were included in most of the pro-
files. Some profiles had no deviations. Only a portion of each approach was
shown because the image could only be displayed while within a limited area
defined by the position of the fixed target projector. The start ranges for
the approaches varied between about 4000 and 2000 feet from the ideal touch-
down point. Each approach terminated on LSO call or at about 1500 feet if no
call were made by that range. Glideslope and lineup deviations varied between
large, medium, small and none. If no call were made by the subsect during an
approach, he was asked whether he perceived any deviation at termination. At
the end of the study, subjects filled out questionnaires and we.e interviewed
by another senior LSO who assisted in the experiment.

Analysis of the experimental data in Appendix B revealed that field of
view size had a statistically significant effect on LSO performance in detect-
ing deviations, but not on making calls. It appears from inspection of Figure

B-4 in Appendix B that best LSO performance was with the medium size field of
view. There were quite a few incorrect detections by the subjects. Some were
in terms of false alarms (saying there was a deviation when none existed).
The overall probability of a false alarm was over 30 percent. Others involved
errors in the direction of deviations (high versus low and right versus left).
The glideslope error rate was five percent, and lineup was three percent.

Several confounding aspects of the experiment were noted by the authors,
some of which were confirmed through questionnaire and interview responses.
The LSO task of the subjects was somewhat unrealistic in that aircraft flight
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dynamics did not include roll or attitude changes. Deviations were smoothly
depicted by a straight line vector. both factors were caused by system con-

straints in the control of aircraft aynamics. ltL : were criticisms of LSO
task context in that the approach did not continue to touchdown, thus pre-
cluding approach result3 feedback, and there was no engine noise. There were

strong criticisms of aircraft image quality (resolut~on) and the "fuzziness"
of the background scene. The size of the aircraft i:age relative to range was
questioned by the subjects (they felt it was too small). However, a double-

check of dimensions confirmed the sizing to be correct. In rating realism, on
a scale of 1 to 5 (where 1 = unrealistic and 5 = vety realistic) the back-
ground scene was rated it. slightly less than 3 and the aircraft image was
rated at 3. There were also complaints about the small time frame of several

approach profiles. Some were as short as 3 - 5 seconds prior to termination.

There were several other noteworthy comments from the subjects. Only

half of the subjects felt that field of view variations affected their ability
to wave the approaches. The subjects were also asked to rate the adequacy of

the field of view variations for LSO training. On a scale of 1 to 5 (where
1 = inadequate and 5 = adequate), wide was rated at 4.5, medium at 4.2 and

narrow at 3.2. There were no "inadequate" ratings given by the subjects. A
few of the subjects who had seen the LSO Reverse Display felt that AWAVS image

resolution was significantly poorer. However, they liked the openness of the
AWAVS display area which permits two LSOs to view the scene. They felt that

this was an advantage for LSO team training. All subjects agreed that a
sophisticated visual simuclation, as demonstrated by AWAVS and the LSO Reverse
Display, would be beneficial to LSO training. This is in agreement with Hooks

and McCauley. 3 . With re(iard to an LSO training system application, the size
of a projection system lake AWAVS appears to be a potential disadvantage in
terms of facility requirements.

The implication of the data and commentary provided in the paragraphs

above is that the experiment did not successfully answer the question of
visual system field of view requirements. However, the experience of worki.ng

with AWAVS leads the authors to feel that its projection system is less desir-
able than a direct-view CRT system such as that incorporated in the LSO
Reverse Display. The primary factors in this opinion are the resolution
limitations, relatively high procurement costs and extensive facility require-
ments of a large-screen projection system.

3. J.T. Hcoks and M.E. McCaulley, Trainin.Characteristics of LSO Reverse
Ds , Technical Report 79-C-0101-1, NAVTRAEQUIPCEN, 'in press).
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SECTION IV

CONCLUSIONS

The authors conclude that an automated LSO training system is a fe isible
concept. The term "automated LSO training system" implies a stand-alon:
interactive system, consisting of high fidelity night visual simulation,
automated speech recognition and software control of instructional situations.

It does not imply an automated adaptive capability; that question remains
unresolved. Subsequent paragraphs of this section discuss this and other
conclusions which evolved from this study. The initial discussions address
general LSO training s , stem concepts and the final discussions address the
laboratory system.

LSO TRAINING SYSTEM CONCEPTS

Support for the automated LSO training system concept mentioned above is

based on several factors. It appears that IES utilization has proved the
capability of LSO training system concepts for basic skill acquisition. The
results of :SO Reverse Display evaluation, as reported by Hooks and
McCauley 4 , appear to support LSO training system benefits to higher level

s<ill acquisition such as "waving" under pitching deck and Manually Operated
V:sual Landing Aid System (MOVLAS) conditions. Though IES was a relatively

crude representation of a sopiisticated automatel LSO training system, there
were positive indicaticis of training effectiveness potential in this study:

receptivity of sublectE to its interactive decison-orLented training merits
and their task performance improvements in a limited training period, espe-

cially in their grasp of when to use the "waveoff" call. From a system devel-
opment standpoint, a potentially effective level of training capability was

produced in a very constrained developmental environment (hardware and cost
limitations). Therefore, greatly improved system effectiveness over that of
:ES is a reasonable expectation for a normal training system development situ-
ation. As reported by Hooks and McCauley, an adequate visual simulation capa-
bility has already been s ccessfully demonstrated in the LSO Reverse Display.
Although experimentation . ith AWAVS did not resolve visual simulation require-

ment uncertainties, it did provide insight into some of th limitations of a
prcjection visual system to an LSO training application. The aurhors also feel
that it is reasonable to anticipate that, with adequate computc: resources,
software control of situation presentation and LSO interaction can reach
si cnificantly nigher instructional levels than those provided by IES.
Although speech recoqniticn difficulties were encountered with IEE, the

problems (non- optimized threshold parameters and absence of context VDC) have

been ider tified and their resolution is feasible.

Based upon this study, as xwell as pre iminary results from the LSO
Reverse Display evaluation, there appear t) be several fu ctional aspects of
an operatio.al automated LSO training syst m which are ne ded for training
effectiveness:

p provisions for LSO task interaction

4. J.T. Hooks and M.E. McCauley, Training Characterist cs of LSO Reverse

Display, Technical Report 79-C-0101-1, NAVTRAEQUIPCEN, (-n press).
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0 night carrier visual approach scene simulation

*simulation of multiple aircraft types

*pitchin~j aeck simulation

*MOVLAS training capability

* "cnnd or interactive preprogrammed approach scernario provisions to
support specific learning goals

" graphic cueing 
aid(s)

There are also several functional aspects of an operational automated LSO

trai.. :ng system which remain questionable. Some of the more important
include:

" lay !'rrier visual approach scene simulation

* automated adaptive syllabus control

" autonated performance evaluation

*back4round sound simulation

*visual system field of view size

Later this report will present recommendations regarding rssolution of
th ese and other system desigjn uncertainties through the development and
'esting of a prototype automated LSO training system. Appendix D delineates
the recomnended featues and capabilities for the prototype system, several of
which are intended to aid in the resolution of operati.onal system design

uncertainties.

Based on study results, there also appear to be several LSO training sys-
,-em alternatives which singularly, or within a "family of training systems"
concept, can increase LSO training program effectiveness. Table 6 outlines

Salternativ. ;._ TIhe paragraphs belcw describe envisioned capab liries,
71fmhable l~.l-so~and the estimated level of LSO skill acquisiti.on for

w I ic I each syste..n is appropriate.

Alternativci 1 s a demonstration system incorporating the lynamic presen-
tation -,f appro-caI ituatior. scenes, possibly tnnough movies, with in a crudely
s~mulated : wc:.:station. This would essentially i~rovi& job familiarIzation
to LSC trainees anid would be a too! appropriate on-y to Phase I traini..g.
Alone, it would have only miaimal impact on LSO tra -,ng program
effectiveness.

A t-r 7i' a or. :i i n z,:t~ ie rt task rdir.Lnq -istc'r Z7mzi:r to
liebratorx'v s'.S'-:M (IES, dEvc,,oored during tnis ,tudy, biut with

enna7,-ec1I caoa-ni1 tiw th eriha-.cements :'oulI ckcnsi:;t of improved speech
recoqnitior. an.1 _-- .;,nince I'eedoack plus an increase in the num~ber of
approach situati.,-s p-resented anJ their related voice calls. The instruc-
tional orientation of this device would be toward basic LSO decision-making
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TABLE 6. LSO TRAINING SYSTEM ALTERNATIVES

I _ Demonstration: non-interactive
approach scene "movies"

work station representation

LSO job familiarization

1I - Part Task: interactive

enhanced version of laboratory LSO

training system

basic decision skills

III - High Fidelity Part Task: interactive

enhanced laboratory ISO training

system
basic decision skill:

basic p~rceptual ski is

IV- Modified LSO Reverse Display: interac:ive
additicnal canned anproaches
multiple aircraft types

instructor control of aircraft with
"joystick"

Phase III LSO training support

V - Universal LSO Trainer: interactive
night scene
multiple aircraft types

computer control of situations
speech recognition
Phase III and refresher training

support

VI - Universal Adaptive LSO interactive

Training System: night scene
multiple aircraft types

-omputer control of situa.ions

speech recognition
performance evaluation
adaptive logic
instructorless training

Phase II and refresher training
support

37

Im



i A. ne, th-is system -Iihccdr have a positiv(- imrpdct Cen LSb ning pro-
3 iirretvenvsui by miriiziriy irstructional dttefltion to decision-making

d (i u clung 3n-the-Job training (OYIT). it e -ould also be an effective Phase

Itrulnnq ,omplement to th,- ierr.nstration syi.tem mentioned earlier.

A. 4-_-5Lve 1151 ,-; jn nt~ractive i.irt task tra lngn svsteir. The
.C 1,rrvr-t -vr1 e:atv I is the- LnirprC-.tor. itf a hihfiei

Scl a--,)n S;oi .M .r to that of tr - O ev _ rse D; splay. A single

air--atSum_ as the A7, Would be rt-l 1 st,.Cay SIiinuLated, thus
flLattention to ptefceptu~l a:; asl 3b incision skills.
beh~efcial to Phase I ty ioat'j ed at multiple

t~ev tl-,coold also7 provi,- ' mite3 qp -'.r 1Phasu 11 and Phase I!'-
Si~yit viould also have sufficient capdilitieb to support additional

re!search i!ntr LSO training system concepts.

~PratcIV is a modified ve.so: of in 2,: ) Revs-rse DiL; la y. LSO
',-.ac -,ton, e4jthr the opilot C lyine,, iLhC Niciit Carrier L~tnl:.ing 'Zralrer

be :~ne. ysev~r sstuctina Coi^,t1ol of s,.tuation presen-
-w' ol-1 be .n-hnced throucgn ir incruise r. the, number of canned

savailable and through lis.tructor c,-r.7L oi of aircraft dynamics withr
a. ~ The scope of traininq aould be -sr a through the simulation

M. tvoDes of at.rcraft. This system should prcvide effec-tive instruc-
", pport Eor a sx-g-nficant axtcint of Phase III LSO training. it may

roye hen-efictal in refresher 1,SO training.

V3 an atomate-, ntearactive, stand-alone andi universal LSO
d '1 - W_'- previce a night cdrrier approach, scene simiilar in flclelt

-!,7e r Se DC~a.ther functional. similarities to A-ternative IV
leru'i' e aircraft sliulation, "joystick" and computer c )ntrol of situ-

1 iont ani s-"ech rccognition. Since it would be an original developent,
ore cen- _,chnoioqies than those in the LSO r everse Dis,)lay, the-

th e system wol 1 'be more responsv to LS, training anl

re,-uirements basead on '.lessons learned" from LSO Reverse
u-:n L.a en. This system should support Phase III and refresher LSO

n W, _a lk ely biipport limited "instructorless" LSO trainee
t ex,:rn -e-. It would also suppor t LSO training research due to its

*ra cotL t~ fr atares.

ter n, i an exransion oft Alternative V to :ncl( -:k iom nEd _Wer -

---azr, e eeand adaptive SY.L~abus Con~tro. T1c se features would
d~ ssr-cr- 'Ading and permit instructorless t:rain~no- for selected segc--

f '_-- t n g. Anticipated linitationsa to the scope of iristrur:torless
-i an._* n cirrent uncertainties ra :. know! edcje 0vS-i.per-

ii ;u, out the range of LSO sk ,aCthe unprrver. etatus

or -n I emnl~eefor complex skzil a, such as t'nusE- of t, e
S s erno rGi pircvide ,upfxort to Phase 1--- 5 . *rure3he- I.ZC' ',rain-

* '- j_ .xcoc. or n . for :eaea_ 'Lont", laO)

-a n'; 'o ,, ce f-zr wi.,_ .her mo re sytiaarc n(.cced and
p-v- a ~c -rs ~ are really reqa'_hed.

a-,i faclos relIated to decis-ions retvard rng the procurement
t r ai n :rrs such as those dlescribed above. Subsecpqient paragraphs
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ii{u2 tf, ctor- ,, i]f lti in the course of this ,,tudy. The 'r are
, iso outl It :. 1. Tat. 1 7.

APAl E 7. PROCUREMENT DECISION FACTORS

Cost: development

facilities
maintenance
student population

Training ef ectiveness: acceleration of LSO training

accident prevention

Accessibility: siting
timing of utilization
travel funding

Utilization: training program management
instructor availability
user attitudes

One of zhe major concerns of high-level Navy personnel is LSO training
system(s) cost. A highly sophisticated automated LSO training system has a
multi-million dollar cost potential just for initial procufement. This
includes system design, development, testing, as well as aiailability of
adequate supporting facilities. Additionally, there are long term maintenance
cost considerations. This includes maintenance of system operating capabili-
ties plus periodic update of system training capabilities and training program
plans in response to changing LSO training needs. Concern has been expressed
for the costs mentioned above, in view cf the small size of the Navy's LSO
population. There are approximately 300 LSO billets in the Navy, of which
about one-third (90-100) are filled with trainees who are working toward the
productive skill level of Wing LSO.

In contrast to cost concerns are considerations for LSO training program
effectiveness. Shortages of skilled LSOs continue to exist in the fleet.
Pilot retention, curtailed carrier operations, and the lengthy and inefficient
LSO training process continue to be the ma3or causes cf this d ficiency.
Concerns continue to be raised regarding the actual skill levels cf experi-
enced LSOs, many of whom have had very limited exposure to demanding aspects
of the LSO job su:h as pitching deck, MOVLAS, aircraft malfunctions and
stressful operational situations. Only the LSOs operating aboard the USS
Midway, stationed in Japan, have the opportunity for continual exposure to
extensive carrier landing operations ov-r a three-year tour of sea duty.
Others are expose(, to lengthy periods of inactivity between deployments and
carrier landing operations while deployed. An LSO training system can supple-
ment on-the-job training with interactive, instructionally-control~ed "waving"
experience. The authors and many experienced LSOs feel that such a system has
the ootential to accelerate basic skill acquisition, th :s enabling a trainee
to "get the pickle" uarlier in his shipboard training piogram. The potential
for increased experience with complex waving situations Is another positive
fa.:tor in support of an LSO training system. Improvements in carrier landing
safety appear to be potential benefits fr(m effective LSO training system
utllization.
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Accessibility to an LSO training system is a practical considerxtion
which has significant cost and training effectiveness implications. Limited
access to a training system, regardless of its effectiveness, minimizes its
value. 7n : he case of LSO training, timeliness of LSO training system
Itillzation would be a very important training program eff. ctiveness factor.
The trainee should have access to the training system duri-g FCLP work-ups and
in close tine proximity to carrier operations, in order to maximize transfer
of skili acquisition between simulated and actual operating environments. The
LSO oopu7,ar~on in the Navy has a wide geographical spread, encompasszng five
separate flt et population centers, as well as several Naval Aviation Training
Command lo,-dtions. Limiting the locations of an LSO training system, while
keeping procurement costs down, causes difficulty in providing timely access
for some trAinees and increases travel funding requirements for syste-n
utilization. Additionally, there are LSO hardships to be considered. LSOs
tyo callv s,,end more time away from home during FCLP and carrier work-up
periods than other fleet squadron pilots. Over two- thirds of all LSO billets
and nearly all trainees operate from five fleet areas: Norfolk, Jacksonville,
San Diego, Lemoore and Whidbey Island. Of these, the Norfolk (NAS Norfolk,
NAS Oceana), San Diego (NAS Miramar, NAS North Island) and Jacksonville (NAS
Cecil Field) have the largest LSO populations and therefore appear to be the
most promising locations for LSO training systems, if limited systems were to
be procured. Although Norfolk (about 70 LSOs) and San Diego (about 60 LSOs)
have higher populations than NAS Cecil Field (about 50 LSOs), the LSO Phase I
School at NAS Cecil Field is a favorable factor for that location. On the
other hand, NAS Cecil Field already has the LSO Reverse Display device for
limited suprort to LSO training. Procurement costs for five systems would be
higher than frr a single system, or for one system on each coast, but the
tradeoffs between cost and training effectiveness are not as clear.

Another major consideration is training system utilization. A key factor
in effective utilization would be training program management. The primary
roles of management would include encouragement (or direction) of appropriate
-.tes of atilization, monitoring of training system effectiveness, and
_mplementation of training program and system revisions responsive to fleet
, eds. The recently established position of LSO Training Model Manager for
the Phase I School Officer-in-Charge provides a vehicle for effective program
Tanagement. The availability and motivation of instructor LSOs to conduct LSO
training system _nstraction are other factors in effective system otilization.
Air Wing Staft LiC. must be encouraged to utilize the system as an integral
nart of their training proqrams. Overall user (LSO and trainee) acceptance
o' LSO training syszem concepts is another important factor in effective
o ytem utilization. Since LSO trainees typically are very highly motivated

oindviduals, ther sititudes toward a training systoca will be stronaly
,niluenced by nhe attitudes of experienced LSOs. The nositive receptivity of
trainees to instruction, coupled with positive instructor att:.tudes, ar very
important ingredients to LSO training system effectiveness. Thus, nromotion
of positive user attitudes is an important system procurement cons>leration.
.Development and thorough testing of a prototype LSO training system would be
;n important step in building training system credibility for the LSO

oninunity.
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LABORATORY LSO TRAINING SYSTEM

The authors tentatLvely conclude that, with significant enhancement, the

laboratory LSO trainine system could be a beneficial addition to Phase I and
Phase II LSO training C.s a part task training system. go meet this expecta-
tion improvements woul,. be needed in speech recognition, scope of decision
skill coverage by training scenarios and performance evaluation, and ease of
instructor operability. The primary support for this conclusion was the sub-
jects' high level of receptivity to the automated LSO training system concepts
of interactive, decision-orientated training. Additional experimental utili-
zation of the laboratory LSO training system would be required for confirma-
tion of its potential value.

The authors feel that this part task training concept falls far short of

the training needs of the LSO community. Thus it should primarily be viewed
as a relatively low-cost alternative to the prototype automated LSO training
system discussed earlier.
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SECTION V

RECOMMENDATIONS

Rocommendations rosultinq from this study are concerned with a proposed
procotpe LSO training system, its features and its utilization. Research to
date has been unable to quantitatively justify an automated LSO training sys-
tem as a cost-effective improvement to LSO training. Based on the results of
develo3ing and exercising a laboratory LSO training system, the concept has
i)roved feasible. Support for the concept from LSOs during this and other
NAVTRAEQUIPCEN research progrins indicate that such a concept can have strong
positivie impact on reducing the time required for LSO skill acquisition and on
increasing the level of skill acquired. Thus, it is recommended that a proto-
type, automated LSO training system be developed for experimental validation
and refinement of this concept, while, at the same time, providing support to
the LSO training program.

Tne results of prototype system utilization should provide valid reso-
lution to several major areas of uncertainty:

a. Is an automated LSO training system, a cost-effective enhancement to
LSO training?

b. What features are actually required in such a system?

c. How should the system be employed for most effective support of LSO

training?

d. How many systems are needed, and where should they be located?

Additionally, the tuthors feel that an automated LSO training system
design oriented to the questions above would also be useful for continued
research into future applications of automated speech technolog, and adaptive
instructional concepts. Relevant issues include performance evaluation for
complex speech-oriented jobs, instructorless training, and perceptual and
decision skill acquisition.

Associated with the LSO training system questions presented above, are
,3veral recorme,_eled specific lines of inquiry to be adaressed by the prototype
system. Tne cpuestion of st-effectiveness must first include a study of pro-
totype LSO training system effectiveness. The subjective assessments of
potential traininc benefits for the LSO training system concept, which have
resulted from this study, must be objectively confirmed prior to subseqjent
studies. A study of training transfer from the prototype system to FCLP
operations or preferably, to the carrier environment, is the recommended
co.irse of action for this confirmation. In con3unction with such a study, the
levels ot LSO skill acquisition, for which the training system concept can be
appliei, must be validated. This is necessary in order to ensure zeleant
instru<:tl-nal orientation fo: subsequent lines of inquiry. If training system
defi-:i.mces are uncoiered, the s,'stem or the -ethods of its -m, .oyment must be
succes;fully modified prior to the pursuit of any other lines o inquiry.

Witb regard to potential requirementr for an oeratonal L.1O training
system, there are several recommended areas of investigation. One area to be
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addrejsed is the potential interference to speech recognition from engine and
background noise in the student station of an LSO training system. Another is
to determino effec-;ive voice data collection techniques which can provide
adequate recognition in stressful waving situations where voice character-
istics may be signLficantly altered.

Determination of required visual simulation field of view should also be
pursued since it has a significant influence on system costs. An experiment,
such as the one attempted in this study with AWAVS, could be useful in this
line of inquiry.

Actual instructor LSO activities while employing the training system
should be analyzed for the determination of needed instructional support fea-
tures and to identify the most effective instructional techniques and strate-
gies. This type of study should also provide data to support the development
or refinement of adaptive training logic.

The system should also be employed in the collection of skilled LSO and
trainee task performance data to support validation of performance measures
and refinement of automated performance evaluation concepts. LSO task per-
formance data from earlier studies should also be employed in this effort.

Where to locate a prototype LSO training system is an important procure-
ment question related to effective syszem utilization. Availability of suffi-
cient LSOs and trainees for system evaluation studies is one factor. Another
factor is availability of dedicated personnel for coordination of LS)s and
system utilization, as well as to provide continuity of user (LSO) involvement
with the studies. Since the LSO Phase I School and its staff have relocated
to NAS Cecil Field, that location is recommended for the system. The LSO
population for NAS Cecil Field is reasonzbly high and the LSO Training Model
Manager and his staff can provide the personnel continuity required NAS
Miramar and NAS Oceana are also acceptable locations due to their h-gh LSO
population.

The recommended characteristics for the optimum experimental prototype
LSC training system are quite extensive and are outlined in Appendix C. These
ch -acteristics coincide with the description of Alternative VI presented ear-
li C in the rcport. It is recommended that consideration be g-ven to a
twr-stage prototype system procurement. The first stage would involve the
development and testinc of the Universal LSO Trainer (Alternative V) described
earlier in this .:eport. Utilization of this system could provide answers to
many questions concerning operational system procurement requirements. Utili-
zation of this system'f data collection capabilities could also provide a
quantitative foundatior for the identification of effective performance evalu-
ation and syllabus control strategies. The second phase would involve the
implementation of automated performance evaluation and adaptive syllabus
control capab~iities. The advantages of this recommendation include mini-
mizing costs and time involved with acquiring an LSO training and research
tool and reduction in the risks associated with development of automated capa-
bilities for performance evaluation and adaptive syllabus control.
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APPENDIX A

IES SCENARIOS

TRAINING SCENARIOS

THE FOLLO hING SCENARIOS ARE DESIGNEI) FOR TRAINING SUBJECTS TO MAKE

"APPROPRIATE" VOICE CALLS FOR VARIOUS TYPICAL AIRCRAFT APPROACH DEVIATIONS

IN GLIDESLOPE, LI>E-UP AND AOA. THE "APPROPRIATENESS" OF VOICE CALLS TO

VARIOUS AIRCRAFT STATES IS BASED ON A SIMPLIFICATION OF AN LjO BEHAVIORAL

MODEL. ACTUAL CALLS ELICITED BY THESE SCENARIOS ARE DEPENDENT UPOi TRAINEE

ACTION DURING THE kPPROACH. IN OTHER WORDS, THE ACTUAL PROFILE FLOWN MAY

DIFFER FROM ITS DE3IGN DUE TO THE TIMING AND CORRECTNESS ASPECTS OF TRAINEE

CALLS. THE DESCRIPTIONS BELOW ARE PROFILE DESIGNS WHICH MAY ONLY OCCUR IF

THERE IS NO TRAINEE INTERACTION.

1. SCENARIO 00ILT

HIGH DEVIATION, START RANGE ZONE ELICITING THE CALL, "YOU'RE HIGH"

AIRCRAFT STARTS ON GLIDESLOPE, LINEUP, AOA IMMEDIATELY STARTS A DEVIA-

TION TO THE VERY HIGH GLIDESLOPE ZONE

2. SCENARIO 002LT

LOW DEVIATION START RANGE ZONE ELICTING THE CALL "YOU'RE LOW"

AIRCRAFT STARTS (1 GLIDESLOPE, LINEUP, AOA IMMEDIATELY STARTS A DEVIA-

TION TO THE LOW GLIDESLOPE ZONE

3. SCENARIO 003LT

RIGHT LINEUP DEVIATION; START RANGE ZONE, ELICITING THE CALL "YOU'RE

LINED UP RIGHT"

AIRCRAPT STARTS ON GLIDESLOPE, LINEUP AOA IMMEDIATELf STARTS A DEVIA-

TION TO THE RIGHT ZONE

4. SCENARIO 004LT

LEFT LINEUP DEVIATION, START RANGE ZONE, ELICITING THE CALL, "YOU'RE

LINED UP LEFT"

AIRCRAFT STARTS ON GLIDESLOPE, LINEUP, AOA IMMEIATELY STARTS A DEVIA-

TION TO THE LEFT ZONE

5. SCENARIO 005LT

HIGH DEVIATION. IN THE MIDDLE RANGE ZONE ELICITING THE CALL "YOU'RE

HIGH"

AIRCRAFT STARTS ON GLIDESLOPE, LINEUP, AOA STARTS A DEVIATION TO THE

VERY HIGH ZONE IN THE MIDDLE
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6. SCENARIO 006LT

LOW DEVIATION, IN THE MIDDLE RANGE ZONE, ELICITING THE CALL "YOU'RE

LOW"

AIRCRAFT STARTS ON GLIDESLOPE, LINEUP, ADA STARTS A DEVIATION TO THE LOW

ZONE IN THE MIDDLE.

7. SCENARIO 007LT

RIGHT LINEUP DEVIATION, IN THE MIDDLE RANGE ZONE, ELICI2ING THE CALL

"YOU'RE LINED UP RIGHT"

AIRCRAFT STARTS ON GLIDESLOPE, LINEUP, AOA STARTS A DEVIATION TO THE

RIGHT ZONE IN THE MIDDLE

6. SCENARIO 008LT

LEFT DEVIATION, IN THE MIDDLE RANGE ZONE, ELICITING THE CALL "YOU'RE

LINED UP LEFT"

AIRCRAFT STARTS ON GLIDESLOPE, LINEUP, AOA STARTS DEVIATION TO THE LEFT

ZONE IN THE MIDDLE

v. SCENARIO 009LT

SLOW DEVIATION IN THE MIDDLE RANGE ZONE, ELICITING THE CALL "YOU'RE

SLOW"

AIRCRAFT STARTS ON GLIDESLOPE, LINEUP, AOA CHANGES TO SLOW ADA IN THE

MIDDLE

10. SCENARIO 01OLT

FAST DEVIATION, IN THE MIDDLE RANGE ZONE, ELICITING THE CALL "YOU'RE

FAST"

AIRCRAFT STA.L3'S ON GLIDESLOPE, LINEUP, AOA CHANGES TO FAST A ,A IN THE

MIDDLE

11. SCENARIO 011LT

HIGH, FAST DEVIATION, IN CLOSE RANGE ZONE, ELICITING THE CALL "WAVLOFF"

AIRCRAFT STARTS ON GLIDESLOPE, LINEUP, AOA CHANGES TO FAST AOA AND

STARTS DEVIATION TO VERY HIGH ZONE IN CLOSE.

12. SCENARIO 012LT

LOW DEVIATION, IN CLOSE RANGE ZONE, ELICITING THE CALL "POWER"

AIRCRAFT STARTS ON GLIDESLOPE, LINEUP, AOA CHANGES TO SLOW AOA AND

STARTS DEVIATION TO THE LOW ZONE IN CLOSE.
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13. SCENARIO 013LT

LOW, SLOW DEVIATION, IN CLOSE RANGE ZONE, ELICITING THE CALL "WAVEOFF"

AIRCRAFT STARTS ON GLIDESLOPE, LINEUP, AOA CHANGES TO SLOW AOA AND

STARTS DEVIATION TO THE LOW ZONE IN CLOSE

14. SCENARIO 014LT

LEFT LINEUP DEVIATION, IN CLOSE RANGE ZONE, ELICITING THE CALL "RIGHT
FOR LINEUP"

AIRCRAFT STARTS ON GLIDESLOPE, LINEUP, AOA STARTS DEVIATION TO THE LEFT

ZONE IN CLOSE

15. SCENARIO 015LT

RIGHT LINEUP DEVIATION, IN CLOSE RANGE :'ONE, EL-CITING THE CALL "LEFT

FOR LINEUP"

AIRCRAFT STARTS ON GLIDES .LOPE, LINEUP, AOA STARTS DEVIATION TO RIGHT
ZONE IN CLOSE

16. SCENARIO 016LT

HIGH, RIGHT DEVIATION, IN CLOSE RANGE ZONE, ELICITING THE CALL "WAVEOFF"

AIRCRAFT STARTS ON GLIDESLOPE, LINE-UP, AOA: STARTS DEVIATION TO THE
VERY HIGH AND RIGHT ZONES IN CLOSE

17. SCENARIO 017LT

LOW, LEFT DEVIATION, IN CLOSE RANGE ZONE, ELICITING THE CALL "WAVEOFF"

AIRCRAFT STARTS ON GLIDESLOPE. LINEUP, AOA STARTS DEVIATION TO THE LOW

AND LEFT ZONES IN CLOSE.

18. SCENARIO 018LT

HIGH DEVIATION, AT RAMP RANGE ZONE, ELICITING THE CALL "WAVEOFF"

AIRCRAFT STARTS ON GLIDESLOPE, LINEUP, AOA STARTS DEVIATION TO VERY HIGH

ZONE AT THE RAMP.

19. SCENARIO 019LT

LOW, DEVIATION, AT RAMP RAN3E ZONE, ELICITING THE CALL "WAVEOFF"

AIRCRAFT STARTS ON GLIDESLOPE, LINEUP, ACA STARTS DEVIATION TO THE LOW
ZONE AT THE RAMP
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20 S2ENARIO 020LT

RIGHT DEVIATION, AT RAMP RANGE ZONE, ELICITING THE CALL "WAVEOFF"

AfRCRAFT STARTS ON GLIDESL'PE, LINEUP, AOA STARTS DEVIATION TO RIGHT

ZONE AT THE RAMP.

21. S'ENARIO 021LT

LCFT DEVIATION, AT RAMP RANGE ZONE, ELICITING THE CALL "WAVEOFF"

Afl<CRAFT STARTS ON GLIDESLOPE, LINEUP, AOA STARTS DEVIATION TO THE LEFT

ZONE AT THE RAMP

22. S ENARIO 022LT

z-IGHT DEVIATIONS; LINEUP AND GLIDESLOPE START, M IDDLE

Ni CALLS EXPECTED

13. SCENARIO 023LT

SLIGHT DEVIATIONS GLIDESLOPE AND LINEUP; START, MIDDLE

NO CALLS EXPECTED

24. SCENARIO 024LT

SLIGHT DEVIATIONS; LINEUP AND GLIDESLOPE; START, MIDDLE, CLOSE

NO CALLS EXPECTED

25. SCENARIO 025LT

SLIGHT DEVIATIONS, GLIDESLOPE AND LINEUP; START, MIDDLE, CLOSE

NO CALLS EXPECTED.

26- SCENARIO 026--T

SLIGHT DEVIATICNS, LINEUP AND GLIDESLOPE; START, MIDDLE, CLOSE

NO CALLS EXPECTED

SCENAPIO 027LT

SLIGHT DEVIATTONS GLIDESLOPE AND LINEUP; START, CLOSE

NrD CALLS EXPECTED
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2 1. SCENARIO 028LT

SLIGHT DEVIATION; GLIDESLOP; AND LINEUP; START, MIDDLE, CLOSE

NC CALLS EXPECT D

29. SCENARIO 029LT

"OKAY" PASS (ON GLIDESLOPE, LINEUP, AOA THROUGHOUT)

MEDIUM PILOT DEVATIINS WITHIN Ti:E "ON" ZONES

O CAImrS EXPECTED

3r. iCENAR-0 C30LT

"OKAY" PASS (ON GL:DESLOPE, LINEUP, AOA THROUGHOUT)

VAR:ED PILOT DEVIATIONS WITHIN THE "ON" ZONES

NO SALLS EXPE 'TED

'SST ING SCENARIOS

THE SOLL3WING SCENARICS .RE DESIGNED FOR TESTING THE GENERALIZABILITY OF

SIMPLE "WAVING" SK:LLS A:-QUIRE-) WITH LAB TRAINING SCENARIOS TO MORE COMPLEX

"WAVNC" SITUATIONS. TF-E SCENARIOS ARE BASED ON "TYPICAL" ERROR TREND
PROFTLES, SEVERAL OF WHICH CAN LEAD TO RAMP STRIKES AND BOLTERS IN ACTUAL
.jPERAT !DNS.

ACT'AL CALLS E:L:CCTED B' THESE SCENARIOS ARE DEPENDENT UPON TRAINEE ACTION
DURINC ThE ;kPROACri. I' OTHER WORDS, THE ACTLAL PROFILE FLOWN MAY DIFFER
rROM :TS DESIGN DUE TC -HE TI ING AND CORREC'rNESS ASPECTS OF TRAINEE CALLS.

THE DESCR:PT:GNS BELOW ARE PR)FILE DESIGNS WHICH MAY ONLY OCCUR IF THERE IS
NO TRAINEE INTERACTION

1. SCENARIO 201 P'

L:N:D lA LiT' -E RL;HT AT START

LINED fulGh'T -N MI;,DLE, IN CLOSE
L-NED ,? LEFT .:T RAMIP

SCENARIC -'27,

_-LOW IN MIDDLE, (,W IN MIDDLE

:OW, FAST IN -L SE, AT RAMP

3. SCENARTO ;3 PT

LITTL iIG H STA.GT
HIGH IN MIDDLE

LO')W AT RAMP
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4. SCENARIO 004PT

LITTLE HIGH IN MIDDLE, IN CLOSE

LOW AT RAMP

SCENARIO 005PT

LITTLE LOW, LINED UP RIGHT AT START, IN MIDDLE
LOW IN CLOSE ON LINEUP CORRECTION

LOW AT RAMP

6. SCENARIO 006PT

LITTLE LOW AT START, IN MIDDLE

HIGH, FAST IN CLOSE, AT RAMP

7. SCENARIO 007PT

LITTLE LINED UP LEFT IN MIDDLE

LINED UP RIGHT IN CLOSE, AT RAMP

8. SCENARIO 008PT

LOW AT START, IN MIDDLE

LOW, SLOW IN CLOSE, AT RAMP

9. SCENARIO 009PT

LITTLE HIGH IN MIDDLE

SLOW IN MIDDLE
LINED UP RIGHT IN CLOSE

LOW, LINED UP RIGHT IN CLOSE, AT RAMP

10. SCENARIC 00PT

LINED UP LEFT AT START, IN MIDDLE

SLOW IN MTDDLE
LOW IN 'LOSE, AT RAMP
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;- -~s. ly !00 were able to Zutec devi~touns L,, ,~ zo-es;

4,y l0 1 igh:1-1 diffi--v
fal: .-Y eay v ry difficuut -, imposstbLe

(leave blaox - ,ot appiicanle tnla session)

Start c, oule Aus kRmp

- kirt

Fast

vcc .icotloinations did you fee-' you learned
LLLtraining session? Which do you feel you learned least-!

,Mar. -!our top two bests with Xs and your bottom two leasts with Ds)

* wat, start -- "you're (rhlw
*- yr ,t/eft at start -- you're lined up right/left"

n/ ,w r niad'e-- "you'r'e hiph/low"
ined ip right/left in rnrddl -- 'you're lined up right/lein"

fas-/s~ow tn rddle --- "you're fast:/slow
f)g.in close - "you're high"

:n clucse "power"
ne p riyht'ileft In Close -- "left/rignt for line up"

a ~ ata ramp "waveofi"
1 : 1 -l~ - -- "a e v o f

J. - s, sow 1.1 close '-Aveoff"

-,--,-uht i:, cose -- "waveoff"
: up iez-t in 2J14 -- "waveoff"

- ta' ,'uz 
t
r"Is Sulr
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c'it2 lst O~eart unctttld with the tt xe mr

,e :sw we' ' u jedrned thn experimental LS( sk 'l:

nioh a lc tast in c.ose - - -ALOFF

it- i:, run i .. . . . .. . . . .. . . . . YOU'R.C ta,

Sow -, ra.2..' - - --- . . . . . . . . :." ,s

05 trar2 - - - - - - - - - - - - - - - -- WP~tv' f

in", u ie-' in Iosv - - - - -- - - - - i,3il - ., ' &

-P s----------------------------l3'tuo. sta r* .. . . . . . . . . . . . . . . . YOLK H]. lye

.292 22. mr ............. . ":'- "J-.1

sct. it rzidle . ..---------------------------- Y ,

unec up right i. close - -lEF-T E--- _,7

:.iqn at ramp ------------------------------ WAVEOFF

.ow ,n close ........................ --- pO%'Ef

last r. middle ----------------------------- YOU'L FAS

.ined up 1eft in middle YOU'--- :I--- -- :3 !"i

lined up right at ramp - WAVEOFF

.ow and slow in cise WAVEDOFi

ince up, right at start ------------------- YOUf LINE

-Ow an lined up left in close ------------ WAVE-FF

lined uT. right in middle -- ------------------y ' . .

6,gh arnd lined up right in close ----------

nigh start --- --------------------------------- YOU' P -IlI

lirec up loft at ramp --------------------- WA\rY:,FF

F..r e items aoovw rate how well you learned eazh situat
2&TInadtlorn- ise the scal,' below:

- .ar;very SeAI
"=learned

_a ' ire l. lear-ne

4 r-cably no,. -earmed
dCiZfn:tely not learned
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U. After zoing tnrougt. this experiment.l LSC training program, do you feel
,nat you actually have a better conceptual understanding of the LSO's
"waving" job? If yes, do you feel that using the experimental
system was the major factor in your learning experience (as opposed to
picxing up "waving" concepts through briefings and discussions this
week)?

11. Do you think this system would be an effective part of introductory LSO
decision training? Why/why not?

12. What suggestions do you have for improving the conduct of this
experiment?

13. Any other final comments?
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Procedar~ e r~ FO~ fooM0 F)I nt ':VI' '! W 5 '- 1
r osm e w&v In,. t.3:,. nt-,e er *oms wh.eas .-I Tr.

la .7'>: LS(C w~ 0 oscrve t &1 : :~ . a

a ,1 c' . 'that :rnciiCalf I ier a'.I f 1-j _ii 1'* -6 1
src,.on the asrr.fit w-i. hepr.cinn

0'-on no, "a iov at e Lin-, . 7; Me KtS-md* AcA1I

n e nedzone b3oirdsa. n. eitiner 0:
ay w i 1:)l a nk wr *i'IE*ve e s ~

s:Te the approacr. 1:ro) trii, zonc ooundary ir. I

:Ily aifter a n aporcoacn has Lceer: -complelen :Dc-_ r

'nus the LSO's task is tu observe tno k r 1

The sublect's performance will be a- ssse
ca and when the call is madc. Inad . a

ato the reasons for his calls, nis sur ,e_ ive *
et.We woulA also like to moni:tor thrlk- si

w; -e t r.e c allI mad e 6no, 1n i- d-

tht: onsei of tho,. responsre. Tho reso,-* r,

s-cnd level to allow -or an accurate COnDa.-! L ;o-W cil aOJ

-. ~ssmntof --he appropriate aircraft paraxnet-rc ,.e dst. Hi.
vated switch will facilitate the measurement cl the tim .n and r~corl~.c
the re c Donse. When an approach is completed the S-, will 'e -j~e '-a
'inent- cueszions concerning the approach. Ten seconds later t- :'>'rt

beisand the _oroceSS Ls repeated The iteration continues3 :c- iw 7-ry a;,-
;:r.oacnes. Of these twenty approaches, ten feature ar. aircraft reprc1sc:nta-..
from, heFirst level of detail and ten from the second 'level". The rr,:er 1~
Presentation of threse various aircraft representations is to Ze rannom w~th. ,I-
rca: acernent.-

~L~Dthase twenty. trials, the call range variable is maripuatd with fuJr
.;rof~es rear esefrvinq each zone. The rerciairnig four approaches wi- Dne .

nraswhe-re the deviations that occur are sliqht and are nor expec leo tu
:~cca ca". from the ISO. The order of presentation of these trials

aerandom, again without replacement.Ofteoutrasoracrne n,

1-4o to be with the finely detailed aircraft reprasentation and two with
:-r~e "wire airc-raft' reoreszontation. The same type of arranqemeoit .. xit.:1-

-)r the cat--h ,rali.

CgouJP Of cot'trla.LZ constitutos, a session anud each Luess-on --s iu O.

_e 0vL tin A sinqle -;ut-,ect wi-I .)e exp_-ztei 7C wdv:k
:onoacutive sc, ns Tiose five sessions will ie ieferredi to as

.7L. The rsL sezsion in each block is a reosessiran to a7 I Ze
:oe LI) wihhe csk, The warmup s-as ion, ,s -.G so -u innter st1-e -

as;,U~f t ,e T.rst test session in that, bloc"%. Wit h raciar-
resol-itior :* eaa l f of the subjects are to z ecin the :-2s-,a a
lcve an, . hl at c, low level. The:oafter. the -J rb

7na;:~ao..aiross sessions in an ABBA manner for cijch subect.

I..~:a'':Ivt vz~aLemust Lc .-a lanced wit, _a subjects ant a ,r .hI-kq s
t~r., . E(- -- t ii; :'ven 'our :Lloc~s at _rl. cboof 1

wil - run or der either (lay or night condit-Lons. Half the subjects will re-
7.' e day conditio)ns in the first block and nalf will receive night
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conditions. Thereafter, the order of day/night presentations will ne governed
bv the ABBA balancing riile. Table C-i presents a summary of the experimental

procedure.

Sublects: Six randomly selected LSOs will serve as the subjects for this
Xperiment. The LSOs should have attained at least a Wing LSO designation
Ievel and should be proficient (performed LSO duties within past year).

Apparatus: AWAVS, visual simulation research facility at NAVTRAEQUIPCEN.

Z imu-i: An aircraft representation generated by the CGI portion of AWAVS
w-1l ne usea as the primary stimuli for the experiment. Two aircraft images
will be used as discussed above. The set of approach profiles will be de-
sgned by Logicon. The background field of view is to be set at its maximal
ietting and is to include the carrier deck outline, horizon, ship's wake,
arresting wires and deck markings. The optimum aircraft touchdown point
snouli be within the viewing area.

Method - Experiment 2. Design: Experiment 2 utilizes a fcur variable, ran-
omized block design similar to tne design of Experiment 1. Three of the
variables are the same as those found in the first experiment: day/night,
range zone and subjects. In this experiment, field of view is substituted for
resol-tion and level of detail. The field of view (FOV) variable is a fixed
variable with three levels of consideration, each corresponding to a specific
informational component. The first level of this variable contains the maxi-
mum amount of referent information including the deck wires, the touchdown
zone, the deck with the lineup stripe, the deck outline, and the ship's wake.
Condition two includes all of the above except the wire and the touchdown
zine. This condition contains information to help the LSO with lineup (the
centerline, the deck outline and the wake), but it does not provide informa-
tion concerning the touchdown referent or the feedback from the aircraft
catching the wires. The last level of this variable is the most information-
ally impoverished condition in that only the port aft corner of the ramp and
the ship's wake is available to the LSO. Level three corresponds approxi-
mately to the POV available in a single CRT visual system and level two ap-
proximates the FOV of a two CRT visual system. In all conditions a portion of
the FOV is allocated to the right of the LSOs line of sight to include the
3hrp's wake a-.o urea of likely aircraft deviation. The experime.t will be run
;sinq tr-e hign -- esolution AWAVS can muster, and the tarcet vill ne depicted
with the most o>u~.l possible. Figure C-2 graphically presents the design.

Pfocedure: The ;rooedure in this experiment is similar to the procedures in
*xpercment 1 in that we are again dividing up the experiment into blocks,
sessions and trialu 'approaches). This time each session w-ll include 2ive

approach profiles. These five approaches include one with a deviation n each
of the four ranqe z<;nes and a catch trial with no significant deviations. The
five trials that costitute a session will be run urd~ a i u val.
There w. 11 bo tel scssions in d sir-.ic block, one warm sesanon ane ,lie test

ssi s. Each clock is run as a day blcock or a night bloc . The experiment
consists of four blrcrs, two right blocks and two day blocKs.

Given that we have twi- nlocks each for day or night conditions, and that each
..lock contains nine test sessions, we can completely balance the order of FOV

60



F!

NA'rRAEQIjL."CEN 78-C651-1

TAB3LE C-1. -K~U~UNMARY I Cr EX2Ei IlMLNT

T[r~m'-t 4 blhlcks -.f tr:a s/per sub-, :t
pi

C . tt t sxperiM erlt

- ; t'.:i :{i- icts da versus rv.Lght .,'mL ziions 2 Iene 5CLU~3

bIocks kA.onA).

Across subjects the day/nirht cond.iior, cf the firest block is
balanced.

boc -5sessiohs

I .araup session an 4 test sessions.

of resolution is balanced across sessions (ABBA).

of resolution of the first session is balanced across
sub ects.

- 20 approaches (100 approaches per block)

- iCC apcroach profiles will be generated with 20 profiles being
1:-,mi~oy assigned to each session.

t.!
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p4

Zones

Day Night

Figure C-2. Design for Experimnt 2
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_e vels (3!) across the two blocks. Naturally, the sequence of cC-otion
orders must also be balanced across subjects. For example, if we assign the
FCV level order 1, 2, 3 to the name A and

2, 3, - B

3, 1, 2 - C
1, 3, 2 - D
3, 2, 1 - E

2, 1, 3 - F

r.;!-:. we can proceed to balance the presentation of these orders across sub-
3ectsi using a latin square procedure.

Sao'.-cts: T-wrelve subjects are required. Each subject must meet the same
su-ndards as described in Experiment 1.

Ap.---ratus: Same as Experiment 1.

ACTJAL EXPERIMENT AND RESULTS

Unfortunately, these experiments were not conducted as originally
olanned. The AWAVS device was not capable of handling many of the variables.
Resclution turned out to be a meaningless dimension in the AWAVS environment
since he best resolution possible was barely adequate for the task. The next
best level of resolution was totally inadequate in an LSO context. The day-
vs-night variable was also dropped since the simulation was not equipped to
show a night scene or a night aircraft image. Level of detail variation was
also beyond the simulation's capability since only one aircraft image was
available. The distance from touchdown variable was discarded since the tar-
-at projector had to remain fixed in a single position. In addition, it was
n:scnvered that. the software which controlled the target aircraft only allowed
a straq'nt-vector line approach. That is to say, once the aircraft started on
an ar.-acr vector it would not accept a modification of that vector during
:-te appr-oacn. There was no method of randomly selecting approach profiles in
rtal time. The sequence of approaches had to be recorded prior to the star't
of the exneriirtnt. All of these constraints led to a single experiment which
is de-cribed below.

.or independent variables were.

View The field of view was as described rin Lxper,1zer.L 2
D y means of taping a sheet of cardroai- over '-he

on the background projector ins. Three levels 62i back-
w re used. Each of these levels correspond to -:-ecific

z , o mato . at t.e LSO may u- - to callbrtt h~s pcroc- -
-hE fi-st level prov:eod "coplete" n1 by

*i - w. . cu r the ,ack ires to about 21 ui.rce3 -.. . ap-
L.2 9 ,. :af± , .' g are. of "-60 degrees T_.u :ccnc 5 . . u

,- .7'2.IXbt. c>tt1-n out tIe Iending area aod t- ,, the
S -' 3anout 90 egree. The third level riduo>: . infosmation
Thrth--r -o about a 45 degree field of view in the approach area.
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2. Type of Deviation - Since only single vector approaches were possi-
ble, there were two types of deviations introduced, Lineup and Glideslope.

3. Size of the Deviation When the Approach Was Terminated - Since the
approach could not be completed to touchdown, all approaches were terminated
on LSC call or at a set distance (approximately 1500 meet) from touchdown f
no call was maae. The size of the deviation at that ooint was determined -rom
positioning coordinates. There were four levels of this variable: large,
medium and small, as well as, no deviation (a catch trial). Basis for devia-
tion size was based on questionnaire data collected in an earlier study by
Hooks and others (1978).

The dependent variables were:

1. The LSO Calls - The subjects were instructed to make calls to the
Lircraft, just as though they were actually waving the approach. No knowledge
of results (touchdown information) was provided. The aircraft appeared,

"flew" the profile and disappeared at the set range or on the voice call.

2. The LSO's Recall of the Deviations During the Approach - After each
approach the subject was asked for a profile description, noting any portions
of the approach where he felt the aircraft may have deviated from the ideal
glideslope or lineup.

Stimuli: An aircraft representation generated by the CGI porti-n of AWAVS was
used as the primary stimuli for the experiment. The AWAVS target image pro-
3ection field of view was set at its maximal setting. The background field of
view included the carrier deck outline, horizon, ship's wake, arresting wires,
and deck markings. Thirty approach profiles were constructed for use in this
axneriment. The profiles were computer generated images of an A-7 flying an
approach to a Forrestal-class aircraft carrier. The approaches differed from
ona another in two ways, the range at which the approach began and the type 3f
deviation that occurred during the approach.

The start range and deviation types were designed to combine in a completely
balanced manner. That is, each type of deviation began at each of the differ-
ent start ranqes. For example, the "high" glideslope deviation approach nean
at each of the .,ce tar, ranges, resulting in three "high" gl- -o devia-
t[on profile. :i_ profiles were terminated at 1500 feet from tre toucndown
point. Therefo.- the tnree "high" glideslope profiles each reflected differ-
ino amounts of Jeviaz on at this termination point. Catch trial approaches
were also included. "he start ranges for these approaches were keyed to those
for approaches which had deviations. Within the thirty profiles, six -ad only
Jlideslope dev-itions, six had only lineup deviations, an nine were -ombina-
tions of qlideslope and lineup deviations. There were nine catch trials.

SubjecL: Six eyTerimntally naive LSOs spent two days an Orlanio, Flo.>da, to
participate in the experiment.

Procedure: Each of the six subjects was run under all conditicns of LIck-
ground field of view. The subject's task in this experiment was twofol&, .
First, he observed the approacn and made a call when the aircraft deviated far
enough to require correction or warning. When the call was made, the approach
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'AbL C-2. ANAL'5SlS Ok VkRIANCE TABLZ - DATA RELATING THE

PROBABILITY. OF MAKING A CALL

Suim of Mean
Souce Squares if Square F

1ineup vs. 91ideslope) 5306.7 i 5306.7 20.7

fleid of view) 3142.6 2 1 .3 4.8

3slze of deviation) 1212.8 3 404.3 1.0i

S sujects) 3483.0 4 870.8 --

D S, 1025.9 4 256.5 --

X 2607.4 8 325.9 --

4769.4 12 399.1 --

Z x F 1405.9 2 702.9 1.84

D x 2494.4 3 831.5 0.87

2491.5 6 415.2 0.64

x x L 3054.2 8 381.8 --

S x 11518.3 12 959.9

-, A 15468.5 24 644.5 --

z 25497.3 6 4249.5 0.93

o x Z x t x 110024.4 24 4584.4 --

Total 193522.3 119

r-A-
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APPENDIX D

EXPERIMENTAL PRCTOTYPE LSO TRAINING SYSTEM

- - -.scrL thei, performance caoab.lit eL recommended for an
• ,rC 2erzena! proto-type LS6 :rainLng system. The canabilities are organized in

satane function3> struccure reported by Hooks and others (1978). Figure
.xcerptcc. from that rerort, is provided as an organizational aid for the

:2V .< of informaton presented below.

ibN LTJCTLC:;AL 'P:£S .'?PA''ON

Th i:structional presentation as'ect of the system involves presentation
, wnich. enable trainee task performance and promote nhe -earning of LSO

:-,is and kno~iedces. The functional elements are described below.

Snvironnent. Field of view should encompass the continuum from
zv7rcacn corridor tnrou-gn the touchdown zone.

Approachi4ng Aircraft (under LSC control)

a-rcraft types: A-6, A-7, E-2, F-14, S-3 :these are the primar.y
ffLeet aircraft; others which have been left out are n), con-
s-iered necessary for experimentation).

;)ositon .ights; red, green and white lights located on dif-
fer.i parts of the aircraft; positioning of the lights varies
b'r alrcraft zype; intensity and operability of individual lights
nder structional control of the system.

A %s rea, arter and green lights located or fr:ont por-
- .rcraft (usuall", the nose wheel strut drea , intensity

Stke ]irts and operability of individual lignts ur. ier In-
-.rctional control of tne system; lights correlatf.d ro aircrad'

.12rra~t i'I,.>'mLCS: pitch, roll, yaw angles; soeed.

,ixght: night conditions.

2 4
0.§A .7 effects: reduced visibi Ly, c,. Ling.

9I . . finit>Dn: continuum from we!'-efned t, no:.-

4c o eiestroy, sip positioned a)prcxi.m-t r . r'I2e

rier; re d ast lights.

c. Airc, f ov : n n F

* . .,:' ,... deik edge in ISO field of view: only one carrcc-:
i. t:) ix .moelled.
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h. Environmental sounds

(1) engire of approaching aircraft: variations in pitch and inten-

sity -orrelated to range and pilot throttle control;

interactive with approach situation.

(2; deck noises: aircraft and flight deck vehicles; non-

interactive.

Instructor/student communications

Workstation Displays.

3. WOD Indicator: wind speed and direction relative to ship heading.

b. Hook-to-Ramp Indicator: dynamically shows relative positioning of

ramp ro optimum glideslope.

c. FLOLS Indicators: basic angle and roll angle

d. SPN-42 Radar Indicators: speed (true or closure), line-up devia-

tions, glideslope deviations.

e. Waveoff Indicator: red light near LSO console indicative of waveoff
light activation.

f. MOVLAS Position Indicator: indicative of MOVLAS signal positioning.

Workstation Controls.

a. "Pickle": hand-held device for activating waveoff and cut lights.

b. MOVLAS Control: hand-operated lever for signalling perceived (LSO)
glideslope position of aircraft and inducing pilot responses.

c. Radio: hand-held voice transmit-receive device for radio
:ommunications.

Deck Motion Cue.

a. Roll: dynamic rotation and static positioning (trim) about longitu-
dinal axis of ship.

b. Pitch: dynamic rot tion and static positioning trim) about lateral
axis of ship.

Irstructiona:4- ?cednack.

: . tive iedback acc, inc, d~agnosid and specific performance
ir.formatic':., staAi:-n recorc/replay; freeze.

b. Demonstration: presentation of ideal performance and typical per-

tc rmance errors, through "canned" approaches.
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. ZAPT1\E CONTROL

%,!aot _vt con~trol involves the selection and control of conditions and
nt tailo~red to the -r.structional needs of the trainee. Both automated

:i.d Iaua eem~nts are described below.

*t:.i,. of 1-cernir ; Alternatives.

zT ic&.n seectio-)n of the next siill to ~elearned or prac-
.,. -)rn :)r pkrf:- r~nce.

..~ticto:~a. 3rat~v S~ctin: E -tio of ne exer(cises and/ot
mstccor~aleffects wh-ich promote learning Gf the skill selected.

-C" C n -rte rvlertior.. Functions enabl.ing the instructor to act ds an
ACdeota-ve training controller.

.soai:fz~i~-~co:.ce-rning _nstructional Sci'r tegy, ex;_-rcise
ccn~tinstra&Lnee performarcai to include repeater of student vie of

~.C.t Oi manua con-trol of inf:orraar.Lon access:-b-lity and exercise
~ v-Sual, p_.lo'_/aircraft, audio, trainee workstation displays/
dck "otino _inf inr-sructional effects as descrizoed earlierl.

.__ FRXAN2'E EVALU(ATiDN

cla su .porz for evaluation of perceptual, decision-making and

1' a I- extraction of speech recognition data relevant to t So

P~clkat2.ca: extraction of data rel.evant to LSO control
ye- n ''L~Swaveoff lights, cut lights, radi-o).

exc-i C.\ractlo- of aarcraft Pos t_,orinc it
i)~mtorn

Sfraoirn: manual lnstructor-qger~tel. cjradln:-., in;Uts.

n~j ,r~ e _f , -Q I fl, : on SjeCif-CatiOn Of -rEClIc-Led LSG _ccr~oroidnCe

:,crcise condiions.

.. o.ca.n c-Lar~)~ ~na~s nof T~fra~c eas zrr. data
.~.C: cali ~ o oredicted pcr--orMa.:.ce.
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